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@ Titanate organosillane polymers. 

© A titanate/organosilane copolymer is disclosed 
for use as a primer to promote adhesion between a 
rigid polymer substrate and an elastomeric interlayer 
or inorganic coating, or as a release agent to prevent 
such adhesion depending on .the nature of the or- 
ganic moiety of the organosilane. 
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TTTANATeORGANOSILANE COMPOSITIONS 



The present invention relates generally to the 
art of altering the surface properties of substrates, 
and more particularly to the art of primers which 
increase and release agents which decrease the 
adherence of various materials to glass, plastic, s 
metal or oxide surface substrates. 

The present invention provides 
titanate/organosilane polymers which can be effec- 
tive either to promote or to prevent adhesion of 
coatings to substrates depending on the nature of io 
the organic moiety of the polymer. 
Titanate/organosilane primers of the present inven- 
tion are useful in promoting adhesion of an organic 
film, e.g. a vinyl interlayer, to such surfaces as 
stretched acrylic or a metal oxide coated stretched is 
acrylic substrate. Titanate/organosilane release 
aigents of the present Invention are useful in pre- 
venting adhesion of inorganic coatings such as 
siloxanes to plastic surfaces. 

The compositions of the present invention 20 
comprise both titanate and organosllane moieties. 
A titanate/organosilane prfmer in accordance with 
the present invention may be formulated simply by 
dissolving or partially hydrolyzing appropriate 
titanate and organpsilane compounds, preferably 25 
titanium tetraalkoxrdes and trialkoxyorganosilanes. 
In a suitable solvent Organic solvents such as 
alcohols are preferred, particularly isopropanoL 

A prefen-ed primer in accordance with the 
present invention comprises tetrabutyl titanate and 30 
trfalkoxyorganosilane dissolved in 2-propanoL An 
equimofar mbcture of tetrabutyl titanate and tilai- 
koxy organosllane dissolved in 2-propanol at a con- 
centration of about one half to one percent Is a 
particularly preferred primer. 35 

A solution of trtanate/organoslfane primer in ac- 
cordance with the present invention may be ap- 
plied to a substrate surface by any convenient 
means such as dipping or spraying. Row coating is 
a preferred method of application. The primer of 40 
the present invention may be applied at ambient 
temperature. The solvent may be evaporated at 
ambient temperature, or evaporation may be accel- 
erated by heating. However, heat curing of the 
titanate/organosilane primer of the present Inven- 45 
tion IS not necessary. 

The preparation of titanate/organosilane poly- 
mers of the present invention is based on the 
following reaction sequence. First, the trfalkoxyor- 
ganosilane is hydrofyzed. so 
RxSi(ORVx + H.O — RxSi(0R')4.x.t OH + R'OH 
Then the hydrolyzed organosilane reacts with the 
tetraalkoxy titanium compound. 
R xSf(OR')4-x.iOH + TiCOR*^* R xSi(ORVx.i OTi- 
(OR'h + R'OH 



The organic moiety R can be any of a wide range 
of organic groups, depending on the desired prop- 
erties of the composition. The number of organic 
moieties R may be from 1 to 3, again depending 
on tiie desired properties. R' is preferably methyl 
or ethyl, but may be propyl, butyl or higher homo- 
logs if the reaction is acid catalyzed. R' is prefer- 
ably butyl. 

In a most preferred embodiment of the present 
invention, tiie mole ratio of silane to water Is about 
one and tire mole ratio of silane to titanate is also 
about one. The most preferred titanate Is tetrabutyl 
ti'tanate, and prefenred silanes are trimethoxy and 
triethoxy organosilanes. The reactions are prefer- 
ably catalyzed with inorganic acids such as hy- 
drochloric or nitric acid. 

The present invention will be further under- 
stood from the description of specific examples 
which follow. 



EXAMPLE I 

A titanate/organosilane composition was pre- 
pared by hydrolyzing 24.84 grams of metiiacrytox- 
ypropyltrimethoxysilane in 100 grams of 2-propanol 
containing 1.8 grams of water. The solution was 
heated to and held for 15 minutes at 50'C. Then 
28.4 grams of tetiBbutyltitanate was added, arid the 
reaction mixture maintained at 50 •C. for an addi- 
tional 20 minutes. The clear solution of 
titanate/organosilane thus formed is useful as a 
primer in aircraft transparencies because the 
methacryloxypropyl organic moiety promotes adhe- 
sion of coatings to an acrylic substrate surface. 



EXAMPLE n 

A primer composition was prepared by mixing 
togetfier 12.42 grams of metiiacryloxypropyl- 
trimethoxysilane and 13.61 grams of tetrabutyl- 
titanate in 200 grams of 2-propanol containing 1.35 
grams of water for 15 minuteis. The primer solution 
tiius prepared was used as follows. Clear float 
glass samples were cleaned, and one surface of 
each coated with the primer. A clear vinyl interlayer 
was assembled between tiie primed glass surfaces. 
The assembly was vacuum sealed in a bag and 
placed in an autoclave at 275*'F. (about 135*^0.). 
The primer improves adhesion between the glass 
and the vinyl. 
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The above examples are offered only to illus- 
trate the present invention. Various other or- 
ganosilane and titanate compounds such as 
titanium isopropoxide may be hydrolyzed and reac- 
ted in various concentrations and solvents to form 
titanate/organosilane primers in accordance with 
the present invention. The primers of the present 
invention may be used to enhance adhesion of a 
variety of materials in addition to acrylic substrates, 
vinyl interlayers and metal oxide films, such as 
polycarbonates, polysilicates and polysiloxanes. 
Similarly, release agents of the present invention 
may be used to prevent adhesion of a variety of 
material, depending on the organo-functional group 
of the silane. The scope of the present invention Is 
defined by the following claims. 

Claims 

1 . A composition of matter which comprises a 
titanate/organosilane copolymer. 

2. A composition according to claim 1, wherein 
the titanate/organosilane copolymer is a reaction 
product of an organic titanium compound and an 
organosllane. 

3. A composition according to claim 2. wherein 
said organosilane is methacryioxypropyitrimethox- 
ysiiane. 

4. A composition according to claim 2, wherein 
said organic titanium compound is selected from 
the group consisting of titanium (IV) butoxide and 
titanium (IV) isopropoxide. 

5. A composition according to claim 2. wherein 
said organosilane and said titanium compound are 
reacted in substantially equimolar ratio. 

6. A method of making a primer for use in 
adhering coatings to polymeric substrates compris- 
ing the steps of: 

a. mixing an organosilane compound and an 
organic titanium compound capable of reacting with 
said organosilane together In a solvent to form a 
solution; 

b. applying said solution to a substrate sur- 
face; and 

c. evaporating the solvent to form on the 
substrate surface a film comprising a 
titanate/organosilane reaction product of said or- 
ganosilane and titanium compound, wherein the 
organic moiety of said organosilane promotes ad- 
hesion to said substrate surface. 

7. A method according to claim 6, wherein said 
organosilane is methacryloxypropyltrimethox- 
ysllane. 

8. A method according to claim 7, wherein said 
organic titanium compound Is selected from the 
group consisting of titanium (IV) butoxide and 
titanium (IV) isopropoxide. 



9. A method according to claim 7. wherein said 
organosilane and said organic vanadium compound 
are mixed in substantially equimolar amounts. 

10. A method according to claim 7. wherein the 
5 solvent is isopropanol; 

11. In a method of adhering a coating to a 
polymeric surface, the improvement which com- 
prises the steps of: 

a. contacting one of the surfaces to be ad- 
10 hered with a solution comprising an organosilane 

and an organic titanium compound; and 

b. evaporating solvent from said solution 
thereby fomning a film of titanate/organosilane 
copolymer on said surface wherein the organic 

75 moiety of said organosilane promotes adhesion to 
said substrate surface. 

12. An improved method according to claim 11. 
wherein said organosilane compound is 
methacryloxypropyltrimethoxysilane. 

20 13. An improved method according to claim 11, 

wherein said organic vanadium compound is se- 
lected from the group consisting of titanium (IV) 
butoxide and titanium (IV) isopropoxide. 

14, An improved method according to claim 11, 
25 wherein said organosilane and said organic 

titanium compound are present in substantially 
equimolar amounts. 

15. An improved method according to claim 11, 
wherein said solvent is isopropanol. 

30 16. A laminated product comprising: 

a. a rigid polymeric substrate; 

b. an elastomeric interiayer adhered to said 
substrate; and 

c. between said polymeric substrate and 
35 said elastomeric interiayer. a primer comprising 

titanate/organosilane copolymer. 

17. A laminated product according to claim 16. 
wherein said rigid polymeric substrate is selected 
from the group consisting of polyacrylates and 

40 polycarbonates. 

18. A laminated product according to claim 16, 
wherein said interlater Is a vinyl polymer. 

19. A laminated product according to claim 16, 
wherein said primer is a reaction product of 

45 titanium (IV) butoxide and methacryloxypropyl- 
trimethoxysilane. 

20. A coated product comprising: 

a. a rigid organic polymeric substrate; 

b. an inorganic coating on said substrate; 

so and 

c. between said substrate and said coating a 
primer comprising a titanate/organosilane 
copolymer. 
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